Honey is at high risk for the adulteration in global trade. Studies on the authenticity of stingless bee honey from Trigona spp. is necessary since the market demand for this product is increasing, particularly in Malaysia, due to its high nutritional value. FTIR spectroscopy has recently been used approach for a rapid and non-destructive measurement of honey quality and discriminate adulterated honey. The purpose of this study is to determine the FTIR and elementary content of Trigona spp. and Apis spp. honey, and further investigate the influence of the additional adulterants to the measured spectra absorbance. Both Trigona spp. and Apis spp. honey exhibit almost identical IR spectra curves, but there are notable different of their absorbance peak at the identified functional group regions. There is a correlation of the measured absorbance to the actual composition of Trigona spp. honey, which emphasized the low carbohydrate but high water content of the honey. Water or vinegar diluted honey has segregated absorbance peak from the pure honey. Our finding indicated that the FTIR is applicable in discriminate of pure and adulterated Trigona honey, but a further investigation on physico-chemical properties such as elementary content is needed for a comprehensive analysis.
Honey is a natural product produced by bees from nectar. Major chemical constituents of honey are sugar and water, whereas minerals, vitamins, amino acids, organic acids, flavonoids and other phenolic compounds and aromatic substances are the minor components 1 . Its composition is particularly variable, depending on its geographical origins and bee species 2, 3 . Some bee species produced honey with distinct physical characteristic and chemical constituent. For instance, Apis spp., a large bee produces a sweet, viscous, dark brown color honey while Trigona spp., a small, stingless bee produces a sweet-sour, watery and light brown color honey. The amount of chemical constituent of the honey such as reducing sugars, sucrose, water content, minerals, diastase and hydroxymethylfurfural are also different between the two species 4 .
Honey is much expensive than other type of food sweeteners but yet it still has high demand for its nutritional value 5 , thus, it is at high risk for adulteration in global market 6 . Adulteration of honey is related to the addition of adulterant into pure honey. Most of Apis spp. honey is adulterated with cheaper, commercially-available sweeteners such as corn syrup and cane sugar syrup 7, 8 . Based on local apiarist report, adulteration of Trigona spp. honey involves with dilution of water to increase the yield volume of the honey. In some cases, other cheaper honey is mixed with sour-tasting liquid such vinegar to produce a sour taste, resemble to the Trigona spp. honey and sell at a higher price. This is deceitful and unfair to the consumer. Thus, laboratory investigation on the adulteration of Trigona spp. honey is proposed.
Optical spectroscopy technique has been recently used for a rapid and non-destructive measurement of food quality, chemical constituent and discriminate food origins [9] [10] [11] . This includes the use of fourier transform infrared spectroscopy (FTIR) technique in analysis of the quality of natural honey 12 . Other studies have reported that combination of FTIR with chemometric methods could provide a useful way to predict sugars and other chemical contents in honey 13, 14 . In addition, the FTIR is able to discriminate the pure and adulterated honey, that's been added with food sweeteners or other adulterants 15, 16 .
This paper presents the comparison of FTIR and elements of honey from Trigona spp. and Apis spp. Not even the pure honey, the FTIR analysis also was performed on the honey mixture which involve with the mixing of pure honey with other honey, vinegar or water. The analysis is focused on the absorbance peak shift of the infrared spectra that possibly response to the changes of the elementary composition in the honey mixture.
Materials and Methods

honey samples
The experiment was conducted on Trigona spp. and Apis spp., honey samples. Both honey was collected from apiarists and vendors in Malaysia. In addition, some of intentionally adulterated honey sample was produced in this study simulated to the actual adulteration process in real environment. The adulteration includes mixing of Apis with Trigona honey, Apis honey with white food acetic acid vinegar and Trigona honey with water. Each of the sample was mixed at the proportion of 10, 20 and 30% (Table 1) followed by vortex for 5 to 10 minutes to homogenize the mixture.
Ftir Measurements and analysis
Prior measurement, all the samples were warmed up to 30°C to dissolve solid content and obtain an adequate viscosity. The infrared (IR) absorption was measured at constant volume of 20µl for each sample. The measurement was conducted using a Fourier transform infrared (FTIR) spectrometer, Perkin Elmer Spectrum Two with middle infrared (MIR) detector (Perkin Elmer, USA). The measurement was recorded in the wavenumber range between 4000-900 cm-1. The spectral resolution was 2 cm-1 and 64 scans were used. For all obtained spectra, baseline correction and normalization were applied using the FTIR Spectrum 10 software version 10.4.3. FTIR analysis was determined based on the detected absorbance peak, measured by the software.
elementary Chns analysis
Total element contents; carbon, hydrogen, nitrogen and sulfur (CHNS) in both Apis and Trigona honey were measured for the purpose of comparative analysis. The measurement was conducted using LECO CHNS TruSpec Micro elemental analyzer (LECO, USA). A total amount of 2.3mg of each sample was tested. Three burning steps were run sequentially within 5 seconds limit time and at low furnace flow for each step. Minimum analysis time was recorded in range 100-180 seconds. The CHNS content of both samples were measured independently. Table 3 . These C and H elements are highly associated to the composition of carbohydrate molecules in the form of reducing sugars, predominantly fructose and glucose in the honey 19 .
results and disCussion
Further FTIR measurement was performed on the honey mixtures and the IR curves as shown in Figure 2 . These experiments were carried out based on the reported cases by local apiarists regarding on the adulteration of Trigona honey. First scenario, the cheaper Apis honey was mixed with small portion of Trigona honey to yield a replicate Trigona honey and sell at higher price. Thus, our first experiment involved mixing of Apis honey with 10-30% of Trigona honey. The absorbance peak of the functional group region for Apis-Trigona honey mixtures (AT) was plotted as shown in Table 4 . There was a slight shift of the AT observance in most regions, except in region 1, which the absorbance closely shifted to the Trigona honey. Furthermore, the AT absorbance shifted away, above from Apis honey at region 2 and 5 with inconsistent trend. Chemical properties of Apis honey seem not much affected by the added Trigona honey and thus, caused slight changes to its IR characteristic.Second scenario, the cheaper Apis honey was mixed with vinegar to produce a sour taste that resemble to the Trigona honey and sell at a higher price. This experiment involved mixing of Apis honey with 10-30% of white acetic acid vinegar. The absorbance peak of the functional group region for Apis honey-vinegar mixture (Av) was plotted as shown in Table 5 . Differ with AT, Av produced a drastic changes to the absorbance plot. The Av absorbance shifted towards Trigona honey at all regions. The absorbance shift was proportionate to the increment percentage of the vinegar in Av. The addition of vinegar even at low percentage changed the IR characteristic of Apis honey and this probably due to dilution of the honey content by huge amounts of water in the vinegar.
The addition of 10% vinegar, Av10 showed the most identical absorbance pattern to Trigona honey. Further analysis on the Av10 was done using CNHS and the result showed that there was significant different in percentage of hydrogen (5.018%), nitrogen (0.130%) and sulfur (0.028%) but not to carbon (30.349%) when compared to Trigona honey. The reduction amount of hydrogen could possibly due to dilution effect and the increment of nitrogen and sulfur may correlated to the trace amount from other ingredients in the vinegar. CHNS can be used as supportive analysis for a better discrimination of pure honey and adulterated honey mixture. The third scenario where Trigona honey was diluted with water to increase yield volume of the honey to gain more profit. This experiment involved dilution of Trigona honey with 10-30% of water. The absorbance peak of the functional group region for Trigona honey-water mixture (Tw) was plotted as shown in Table 6 . The Tw absorbance shifted away from Trigona honey at all regions with inconsistent trend except at region 1, which Tw has a constant absorbance value of 0.300. There was no absorbance observed at region 4 (d O-H, C-H), probably due to very low detected amount of the component in the sample after dilution 20 .
ConClusions
Result from current study presents a distinct FTIR profile of Trigona spp. and Apis spp. honey. Even both honey exhibit almost identical pattern of spectral curve, there are notable differences observed from the absorbance peak and elementary analysis. The spectroscopic IR analysis shows the correlation of the measured absorbance to the actual composition of Trigona spp. honey, which emphasized the low carbohydrate but high water content of the honey. This study also highlights the changes in the spectral absorbance of the pure honey after addition of the adulterants, especially the changes influenced by the adulterant containing high water content such as white vinegar. The addition series concentration of water and vinegar causes the absorbance of the adulterated mixture shift away from the pure honey and making them segregated, identifiable from each other. FTIR is able to differentiate Trigona honey from its adulterated mixture. However, additional investigation on physico-chemical properties such as elementary content is suggested for a comprehensive analysis and better discrimination of pure honey and adulterated honey mixture. 
